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ELECTRIC POWER FOR NITROGEN FIXATION

BY E. KILBURN SCOTT

ABSTRACT OF PAPER
Reference is made to propaganda against processes for making

nitrates from air by those interested in keeping the Allies depend-
ant on supplies of nitrate from Chili.
A tabular comparison is made of the operations involved in the

indirect method and the direct method of fixing nitrogen. The
indirect method involves the manufacture of carbide of calcium
and its combination with nitrogen to form calcium cyanimid,
from which ammonia and in turn nitric acid are obtained. The
direct method merely consists in combining nitrogen and oxygen
of the air in the electric arc.

In the direct method electric energy is the only factor, where-
as by the indirect much plant of a very diverse and complicated
character is required. Also there are difficulties in connection
with the platinum catalyst necessary to convert ammonia into
nitric acid. It is claimed that the direct method is better be-
cause of the simplicity of plant and of operation, and the possi-
bility of working with off peak power. The suggestion is made
that a number of plants for making nitrates by the direct arc
process should be erected at existing power houses. Keeping the
generating plant more fully employed would improve the load
factor and reduce costs.
By making nitrate in a number of centers the transportation

of same to the explosive factories would be reduced and the
risk of interruption of supplies in case of accident or sabotage
would be less than in having a few very large factories.
A diagram is given showing the layout of a battery of by-

product coke ovens with an electric power house worked by the
surplus gas and a nitrate from air plant to use the electricity.
Figures are given showing that the nitric acid made by such a
plant is about the right amount to combine with the ammonia
to form ammonium nitrate, a compound in great demand atVthe
present time for explosives.

ONE of the most powerful combinations in the world is that
connected with the exploitation of Chile Nitrates, and to

extend the uses of that material and regulate prices, etc., there
is a Chile Nitrate Committee supported by the various interests
concerned.

It was created for propaganda work amongst farmers and
others, to facilitate the use of nitrate as a fertilizer but since the
advent of air nitrates some attention has been given to discredit-
ing the methods of fixing nitrogen from air. This has been
done partly by paragraphs in the press throwing doubt on the
financial and technical success of such methods, etc. German
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influence, working through political clubs and the press, also
assisted the Chile nitrate propaganda while at the same time
German scientists were being assisted in every possible way
to develop air nitrate processes in their own country.

Years before the war, some of us saw that the question of
supplies of Chile nitrate for the manufacture of explosives would
be an important factor, and in 1911, at the Portsmouth meeting
of the British Association, and later at a meeting of the Society
of Arts in London, I sounded a note of warning.

Immediately after the war started, the German government
appointed an electrical engineer, head of the Allgemeine Elek-
tricitats Gesellschaft, to expedite the manufacture of explosives.
Air nitrate plants already in operation were greatly extended,
and new nitrate plants and the power houses necessary to supply
them with electricity, were put in hand. One such power house
built early in the war at Bitterfeld, develops 185,000 kv-a.
from lignite coal.
Even after three and a half years of war, the Allies still remain

practically dependent for explosives on supplies which have to
be brought thousands of miles across the sea from a foreign
country.
So far as Great Britain is concerned this policy of dependance

on supplies from oversea, appears to have been dictated by the
Ministers of munitions, two of whom have been lawyer politi-
cians, and one a doctor of medicine. They were probably acting
partly on the advice of the head of the department of explosives
supplies, also a member of the legal profession.

Considering how much this is an engineer's war, and how
expert are the men in charge of the departments in Germany
which handle such matters, does it not seem absurd that any of
the technical affairs on the Allied side should depend on persons
whose particular ability in life is to make speeches that catch
the popular vote.
The transportation of Chili nitrate requires much shipping

that might be used for other purposes and also occupies attention
on the part of the Navy, in order to keep open the sea routes-
In 1917 the nitrate imported to United States from Chili amoun-
ted to 1,742,540 tons (see figures of Imported Supplies given
toward the end of paper) and presumably at least as much
more would go direct to Europe from Chili. The average
export taken over every day in the year is at least 10,000 tons,
and as a round trip is about three months, an easy calculation
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shows that about 1,000,000 tons of shipping valued at $150,000,-
000. is tied up in this Chili nitrate carrying trade.
Huge sums have also to be paid for the nitrate, and to shippers

and brokers for transportation, insurance, etc. On the other
hand by being independent of Chili, the Germans have kept
their money at consequent financial and economic advantage to
the country.
With the right men at the head of affairs, possessing expert

first hand knowledge of the engineering and chemical problems
involved, the Allies could have become equally independent of
Chili and much money and man power which have been absorbed
in building obsolete chemical and other plants would have been
saved.
To their credit, certain scientists and engineers of this coun-

try not only saw the danger, but insisted on the authorities
taking action by providing money to establish plants for the
manufacture of nitrates.
At the same time, in this country as well as in England, there

has been time lost, owing to certain parties maneuvering to ob-
tain the adoption of their own process to the exclusion of others.
In so large a field as nitrogen fixation there must necessarily
arise numerous improvements in the various processes so that it
is not possible today for anyone to gage or forecast their future
relative economic values.

This is particularly the case with processes in which electrical
energy plays a leading part for it is a sort of ingrained habit
of the electrical engineer to simplify and revolutionize existing
methods that they eventually become essentially electrical.
The whole history of electrical progress, and especially of electro-
chemistry and metallurgy establishes that fact.

Investigation boards or committees dealing with nitrate
problems should be largely made up of engineers who have ex-
pert first hand knowledge of electric power conditions and of
apparatus, etc. It is not right that chemists should have
practically sole power to pass upon processes in a field which
electrical engineering is capturing so completely as the pro-
duction of nitrates.

I feel that the merits of the arc flame process for making nitric
acid have not been adequately and sympathetically considered,
and this paper is written with the special object of stating them.
I wish also to remove the misconception that the arc flame pro-
cess is dependent on water power and that it can only 'be in-



960 SCOTT: NITROGEN FIXATION [June 27

stalled economically on a very large scale. The matter is one
of special interest to electrical engineers especially those con-
cerned with the production and supply of electrical energy,

METHODS OF MAKING NITRIC ACID
Atmospheric nitrogen can be fixed either as nitric acid or as

ammonia. The first named forms a basis of all explosives,
whilst ammonia is used for one explosive viz. ammonium nitrate
and for that purpose it must be combined with nitric acid.
The only way to make nitric acid direct from the air is to

combine the nitrogen and oxygen of the air in the electric arc,
and then combine the nitrous gases so produced with water to
form acid. Owing to its simplicity this is called the direct method.
To make ammonia from atmosphere nitrogen the most straight-

forward method is the synthetic which has been adopted at
Nitrate Plant I at Sheffield, Ala. By this method pure nitrogen
and pure hydrogen are raised to a high pressure and temperature
and in the presence of a catalyst they combine to form ammonia.
Another method called the indirect is used at Nitrate Plant II

at Sheffield and briefly this is to make carbide of calcium and
treat it with nitrogen to form calcium cyanamid, the cyanamid
being then acted on by steam to produce ammonia.
Having obtained the ammonia it has now to be made into

nitric acid, and this is done by the catalytic process of Prof.
Ostwald using platinum as the catalyst. The method adopted
at Sheffield, Ala. is to take about half the ammonia produced,
and convert it into nitric acid and then combine this acid with
the remainder of the ammonia to form ammonium nitrate.
Clearly this makes just half the quantity of ammonium nitrate
that would be possible, if all the ammonia was to be combined
with nitric acid made in some other way, as for example by the
direct arc process.
For some considerable time there has been great shortage of

ammonia, and therefore, to use any of it as raw material for
another nitrogen compound-nitric acid-seems short-sighted
policy.
The unit value of nitrogen in ammonia, is just as high as the

unit value of nitrogen in nitric acid, so it is economically and
financially unsound to at any time make nitric acid from am-
monia as a raw material. For this reason it is impossible for the
manufacture of nitric acid via cyanamid and ammonia to compete
under niormal conditions with other methods.
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Those interested in the indirect method have drawn compari-
sons between it and the direct electric arc process, with the ob-
ject of showing that the indirect is the better. A tabular state-
ment of all the operations involved in the two processes as given
below is the best way to make the comparison.

INDIRECT METHOD Em- DIRECT METHOD Em-
ploying Calcium Cyana- ploying the Arc Flame
mid to Make Ammonia and Furnace Only
Oxidising the Ammonia to

Acid by a Catalyst

Factories 1. To make calcium car- 1. To make nitric acid.
bide.

2. To make cyanamid.
3. To make nitric acid.

Operations 1. Burning limestone. 1. Blowing air through
electric arc flame to
produce nitrous gases.

2. Grinding lime. 2. Absorption of gases in
towers to produce acid.

3. Grinding coke or an-
thracite.

4. Mixing lime and car-
bon in correct propor-
tions.

5. Making calcium car-
bide in electric fur-
naces.

6. Grinding carbide to
fine powder in neutral
atmospheres.

7. Making liquid air to
produce pure nitrogen.

8. Packing calcium car-
bide into retorts.

9. Making calcium cyan-
amid by adding
nitrogen and by heat of
electric resistors.

10. Emptying cyanamid
from retorts.

11. Grinding cyanamid to
a fine powder.

12. Hydrating cyanamid to
rid it of unchanged
carbide.

13. Superheated steam.
14. Treatment of cyana-

mid with steam in
autoclaves to produce
ammonia.

15. Cooling the ammonia
and elimination of
water.
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16. Oxidation of ammonia
to produce weak nit-
rous gases by means of
platinum catalyst.

17. Absorption of gases in
towers to produce
acid.
INDIRECT METHOD DIRECT METHOD

Raw Materials 1. Lime. 1. Air.
and Renewals 2. Coke. 2. Water.

3. Carbon electrodes in 3. Metal electrodes.
carbide furnaces.

4. Carbon resistors in cy-
anamid retorts.

5. Pure nitrogen.
6. Superheated steam.
7. Air.
8. Water.

Electric Energy for 1. Carbide furnaces. 1. Arc flame furnaces.
2. Grinding carbide.
3. Cyanamid retorts.
4. Grinding cyanamid.
5. Heating catalyst.
6. Motors for power, etc.,

including several
cranes.

Skilled Labor for 1. Carbide furnaces 1. Arc flame furnaces.
2. Cyanamid retorts. 2. Absorption plant.
3. Packing cyanamid.
4. Grinding machinery.
5. Making pure nitrogen.
6. Making ammonia.
7. Catalytic process.
8. Absorption plant.

It is frequently stated that the amount of electric energy re-
quired for a given quantity of nitric acid produced by the indirect
process, is less than that required by the direct, and this is put
forward as a strong argument in favor of the indirect method.
Clearly, however, the only way to compare two methods is to
take into account all the factors which go to make up the total
cost, and appraise them all at their proper values.

If two processes are to be compared as regards one factor
only, then it may with equal justice be claimed that the electric
energy represented by a few motors and lights required for a
plant making acid from sodium nitrate, is less than the electric
energy required by all other processes for making acid. Such a
statement does not prove anything, and yet it is similar to the
one put forward by the advocates of the indirect process.
Even when comparisons are made on an energy basis, they

are useless, unless all forms of energy are included. For example,
the steam for the autoclaves of the indirect process has to be at
150 lb. per sq. inch superheated to 350 deg. fahr. and this requires
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considerable heat energy in the form of burning coal. Steam is
also required for evaporation of water from the products of the
end process, and for the distilled water for the acid absorption
towers. The heat energy required for these various purposes
should therefore be added to the electric energy taken by car-
bide furnaces, the cyanamid retorts, and for heating the catalysts.
On the other hand, the direct arc process raises its own steam,

from heat of the hot gases coming from the furnace. This steam
is sufficient for the end process and for distilled water and also
under certain circumstances, may be used for generating electric
power, so that the process can work regeneratively. At the
Norwegian plant at Rjukan II, for example, there are three
4000 kw. steam turbo-generators, generating electricity with
steam raised by the furnace gases.
The energy which can be regenerated in this way may be over

15 per cent, and this should of course, be deducted from the
total electric energy measured into the furnace, when estimating
the energy used for a given yield.

Obviously the cost of plant using the indirect method, will be
very much greater than that in the case of the direct, for if we as-
sume that the cost of a carbide furnace and its accessories is
about the same as that of an air nitrate furnace with its ac-
cessories, then, the indirect process embraces in addition:

1. A complete plant for making cyanamid.
2. A liquid air plant for making pure nitrogen.
3. Powerful machinery for grinding the carbide and the

cyanamid.
4. Steam boilers and autoclaves for making ammonia.
5. A complete catalytic plant for oxidizing the ammonia to

nitric acid.
In the indirect method it is essential to have all the materials,

gases, etc., absolutely pure, for example at the cyanamid works
at Odda in Norway it was necessary to carry a pipe up the
mountain side so as to ensure a supply of pure air to the liquid
air plant.
When carbide is converted into cyanamid some of the former

remains unchanged and in order to obviate danger of explosion
a special treatment of the mixture is necessary to ensure a total
decomposition of the remaining carbide.
To convert ammonia into nitric acid a catalyst is employed

and this usually takes the form of a net of platinum wire, the
surface of the wire being covered with finely divided platinum
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black. The catalyst is readily poisoned by impurities in the
gases etc., when the yield then falls considerably. The process is
therefore a very delicate one and requires much skill to operate
successfully. To "reactivate" the metal, it is necessary to
subject it to an acid treatment and eventually to remelt, in
which process it is impossible to avoid loss of this expensive
metal.

Russia is almost the sole source of platinum, and whilst our
Ally, could be depended upon. Today with Germany practically
controlling that country, the position is serious. The various
allied Governments have had to commandeer platinum as it is
essential for several war purposes. With utmost deliberation and
foresight the Germans are working to control the worlds store-
house of platinum in the Ural Mountains and any processes
which depend upon this rare metal are going to be very seriously
handicapped. I consider that those who have had a hand in
starting new processes dependent on platinum are very blame-
worthy. Non-technical politicians could not be expected to
know these things but those who did know should have informed
them.
By the direct method the cost of air is nil, and the cost of water

is practically that of pumping. On the other hand, the materials
required in the indirect method are very expensive and especially
difficult to obtain at the present time. Over three fourths of
the cost of working the indirect process is represented in materials
liable to price fluctuation. These are now much higher than
before the war, and will remain at the higher level after the war.

In the direct method less than one-fifth of the total cost is
represented in materials dependent on market rates, and the
principal item of cost, namely electric power, will, if anything,
tend to come down in price.
The direct method is very simple to operate, whilst the in-

direct requires much skilled and unskilled labor, and some of
the operations are dangerous to health. Therefore, the more
labor demands increase, the more will the indirect method be
handicapped in this respect. There are many separate links
involving exact operating, to make the whole run smoothly and
the slightest hitch in connection with any one link necessarily
holds up the whole system.

Trhe manufacture of cyanamid has to be carried out in retorts
of relatively small size involving much labor to set up, etc. This
is to enable the nitrogen gas to penetrate to all parts of the con-
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tained carbide. The times of the reaction and the cooling
down, etc., are definitely fixed and it is quite impossible to work
the process with off-peak power; also should there be an acci-
dent or failure of current for a time, the cyanamid retorts and
the carbide furnaces may be injured

All nitrate processes have a military bearing as regards pre-
paredness, in which is involved the question of transportation.
The heavy and bulky raw materials necessary for the indirect
process places it at a serious disadvantage from this point of
view, especially at the present time when the railways are so
congested. With the direct process there is no carriage of raw
materials.
The indirect process has been strongly advocated, in that

after the war, cyanamid will be much used as a fertilizer. On
the other hand a large number of objections have been voiced
against such use, as witness the following extract from a book
by Dr. Brion: "Cyanamid cannot be used with a large number
of soils such as very sandy or moor soils, or with such soils as
tend to become acid. Further it cannot be used for growing
tobacco nor for some kinds of fodder. It is useless as a top
dressing and can be applied only in dry weather when it must be
plowed in at once. Cyanamid attacks the eyes of men handling
it."

Whilst some of these objections may have been overcome by
making the cyanamid granular and probably also some of them
are over-emphasized, it still remains true that cyanamid is by no
means as good a fertilizer as nitrate.
The effect of the calcium in calcium cyanamid in the presence

of moisture is to cause the reversion of phosphoric acid and there-
fore it can only be used in limited quantities in a combined
fertilizer.
In a legal action in the State of Maine between the Armour

Fertilizer works and Ellis Logan, in April, 1916, there was
expert testimony that calcium cyanamid destroyed a crop of
potatoes and that not more than 60 to 70 lb. of it should be
used per ton of fertilizer.

ELECTRlC POWER
As a basis load for a power house the direct arc process presents

the advantage that it can be established anywhere, because the
raw materials being only air and water, considerations of trans-
portation do not enter into the situation.
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It is particularly suitable for off-peak or off-season loads, for
there is no fused material to solidify, and little to deteriorate in
case of stoppage. Some of the furnaces can be switched on and
off like an arc lamp, without detriment to brickwork or structural
details, or to the process of manufacture.
As there seems to be some doubt as to the possibility of running

arc furnaces intermittently on a commercial scale, I would
mention that about seven years ago a nitric acid factory was built
at Legnano, Italy to utilize 10,000 horse power, especially dur-
ing the night (see Utilization of Atmospheric Nitrogen by T. H.
Norton p. 68). Of course this plant has been considerably ex-
tended, especially since the war. I am also credibly informed
that in Germany there is a very large arc process plant working
with off-peak power. At any rate there is no difficulty in doing
it, whereas it is impossible to work intermittently with any other
method of fixing atmospheric introgen.

In some ways, it is an advantage to run a plant for 8000 or
less hours per year, instead of the full number, because the
spare time can be conveniently used for renewals and repairs,
Less spare plant is thus required and the plant can be operated
by two shifts of men.

Because the plants in Norway are very large and only use
hydroelectric power, a mythology has grown up, that the arc
flame process can only be worked commercially on a very large
scale, and with water power. It is, however, worth while to build
plants in units to utilize 10,000 kw.
As a matter of fact hydroelectric power may be a disadvantage

because of its distance from industrial centers, for either the
factory has to be placed in an out of the way position, or else
the power has to be transmitted over a long transmission line.
I am of the opinion that electrochemical factories should be
placed near the power supply, and the ideal position is alongside
the power house especially if off-peak power is used.

In a national emergency it is surely better to bring into im-
mediate use all the surplus equipment that already exists, than
to start building new power houses, whether hydraulic or steam,
and seeing that the direct-arc flame process is suitable for work-
ing with off-peak power, I suggest that a number of nitrate
plants be forthwith erected at existing power houses.
By erecting say, ten or more nitrate plants of say 10,000 kw.

each at power houses near places where nitrates are required,
there would be great saving in transportation and early de-
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liveries of nitrate could be made. Further there would be less
risk of temporary interruption of supplies in case of accident or
sabotage.
As a matter of fact there are power houses which could easily

spare more than 10,000 kw. for over 20 hours a day and through
the week end. Also there are power houses fully equipped with
steam plant now standing idle which in the present crisis they
might just as well be brought into use even if the cost of
generation is high.
To give an idea of plant available, the following particulars

of power houses will be of interest: From the existing plants in
New York City, Mr. F. Hedley has recently estimated that
about 115,000 kw. of off peak power might be supplied. In
Chicago the existiifg power houses have a capacity of 470,000
kw. with additional 42,000 kw. now being installed. The
maximum peak load of December 26, 1917 was 290,000 kw.
for only half an hour, and by shutting off heaters on the surface
and elevated cars during this short period, the engineers estima-
ted that at least 90,000 kw. would be available.

There is no doubt that by restricting what may be called the
luxurious uses of electricity, a considerable amount of generating
plant in various parts of the country can be released for urgent
war purposes, and this can be done without much increasing the
coal consumption. There are also, the water power plants.

I was in Birmingham, England when for some months the
street car service was stopped every day for between meal times,
in order to save coal. The people readily adapted themselves to
the conditions and the extra walking did the business people
good whilst lack of street cars in the afternoon kept the women
at home who were not engaged in war work.

In the numerous coal fed power houses of this country, a very
large amount of fuel is wasted by having to keep the fires banked
in the boilers during the valley periods of the load. Therefore
there would be considerable saving by linking such stations to
an industrial process which depends essentially on the utilization
of electric energy, and the furnaces of which can be started and
stopped with the facility of switching on and off an arc lamp.
The direct arc process fills these conditions perfectly, and it is

the only chemical or metallurgical process which can be utilized
easily with off-peak power. It takes the alternating current
exactly as generated, for the furnaces can be built to utilize
voltages generally available. There is no fused material-to
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become frozen when current is shut off as in the case of carbide
of calcium furnaces, steel furnaces, etc.
Some electrolytic processes may be run intermittently but they

require direct current, and therefore there is great additional
cost for transforming machinery etc.

Hitherto power station managers, have been content to merely
supply electric energy and have taken little interest in the
purposes for which the energy was used, at any rate from a
financial point of view. The time seems to have arrived when
this policy should be changed, and every power house, should
have its own base load factory to utilize off peak power. I know
of no better form of such load, than the manufacture of nitrates
from the air by the direct arc process.
By filling in the valleys the load factor is much improved and

this would have the immediate effect of reducing costs. There
has, however, been too much consideration given to ques-
tions of cost. With U-boats on the high seas trying to stop
supplies of Chile nitrate, the railways congested with traffic and
electrical works engaged in making munitions, it is of little use
discussing power costs. The thing to do is to make full use of
plants already installed.

Recently much has been heard of the suitability of Muscles
Shoals, Alabama as a site for the manufacture of nitrates be-
cause of the water power which is to be developed there, but it
will take at least four years to complete the hydraulic works.
In the meantime a large steam power house is being built in
order that the cynamid process may be put in to early operation.
This includes a 60,000-kw. turbo generator and should any-
thing happen to it, the nitrate plant would be stopped as the
various steps of the indirect cyanamid process are so inter-
locked.
Viewed from this standpoint it would seem to be better in

every way to have the manufacture of indispensable materials
for explosives manufactured in a number of smaller plants, in
widespread centers and by other processes, than the indirect or
cyanamid method.

COKE OVEN AND NITRATE PLANTS
At the present time ammonium nitrate is required in very

large quantities for burster charges for shells, torpedoes, mines
grenades, etc. This is made from two components, viz., nitric
acid and ammonia, both of which are difficult to transport, the
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first because it is a corrosive acid and the second because in
every ton of aqua ammonia there are about 21 tons of water.
An industrial plant capable of furnishing electric energy as

well as a supply of ammonia would be ideal, and it so happens
that this is the case with a regenerative coke oven plant. Half
the total gas made is available and this can be easily turned into
electric energy whilst at the same time the nitrogen contained in
the coal provides about the right amount of ammonia necessary
to combine with the nitric-acid made from the electric energy
by the arc flame process.

In order to show how ideal such a system is for making am-
monia nitrate, I have prepared following diagram.
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DIAGRAM LAYOUT OF NITRATE FROM AIR PLANT WITH ELECTRIC
POWER HOUSE USING COKE OVEN GAS

The scheme provides for a combination of a battery of coke
ovens with an ammonia recovery plant together with an electric
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power house in order to utilize the surplus gas. Alongside the
power house, there is an electrochemical plant for the manu-
facture of nitric acid from air by utilizing the three-phase high-
tension current. A nitrate house is provided for the purpose
of combining the ammonia from the coke ovens with the nitric
acid from the elctrochemical plant.

It happens that the by-product of the acid factory is sodium
nitrate-nitrite, which is made by combining the gases remaining
from the acid towers with caustic soda or soda ash. Electro-
lytic cells may be laid down as shown in the diagram for purpose
of making caustic alkali from brine.

It will thus be seen that the complete project requires only
two raw materials viz., coal and brine, and on the other hand,
the products which can be made are coke and ammonium
nitrate together with toluol, benzol, naptha, tar and sodium
nitrate-nitrite.

If electrolytic cells are used there are also the products chlorine
and bleaching powder. The chlorine can be combined with the
benzol to form chloro-benzol which is an important inter.
mediate in the manufacture of dye-stuffs as well as in the manu-
facture of picric acid.

Tri-nitrotoluol or T. N. T. is a combination of nitric acid and
toluol and it will be noted that the plant supplies both these.
From the point of view of efficient management, and of

elimination of transportation charges, the combination is unique,
for the ammonia has only to be piped a few yards to the nitrate
house and there is no carriage of acid.
As a cheap supply of coal is indispensable for the project, it

would be well to locate the plants at industrial centers where
this raw material is readily available and which in all probability
would be locations where transportation charges are low.

In order to show what can be done with a coke oven plant,
the following particulars will be of interest. I take a Koppers
type of oven as being the better known, but the figures have
general application.

Tons Hours
Quality of Coal per charge coking time

Low volatile coal .1312 18
Mixture containing 80 per cent

high volatile 20 per cent low
volatile ..................... .. 12 '2 16 ½2

High volatile coal............. .. 11½ 15
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A battery of ovens varies in size but we may as well take a
round number of 100 for which the average yields are as follows:
Number of ovens........................... 100
Tons of coal per oven .122
Hours coking time .16
Total yield of coke. 72 per cent
Yield small coal and breeze .5 per cent
Net yield good coke .67 per cent
Ammonium sulphate per ton of coal. 25 lb.
Reckoned as ammonia per ton of coal. 62 lb.
Tar per ton of coal .9 gal.
Light oil per ton of coal. 3 gal.
Total gas per ton, of coal ................ 11,000 cu. ft.
British thermal units ....................... 550 per cu. ft.
Surplus gas ........................... 55 per cent
Surplus gas per ton of coal .................. 6,000 cu. ft.

Such a battery of ovens, each of which distils 12' tons of
coal in 16 hours, will deal with

100 X 12.5 X 24 = 1,900 tons per day
16 - ,0 on e a

Assuming 6000 cu. ft. of surplus gas per ton of coal and 550
B.t.u. per cu. ft. the total heat value per hour will be

1900 X 6000 X 550 = 260,000,000 B.t.u.

If employed in gas engines using 13,000 B.t.u. per h.p-hr.
the power will be

260,000000 -
20,000 h. p., or say, 14,000 kw.13,000

If steam boilers and turbines are used instead of gas engines
the power will be less, so to be on the safe side, we will take the
round figure of 10,000 kw.
We will also assume that electric furnaces utilizing 10,000 kw.

for a whole year, can produce 6,300 tons of 100 per cent acid.
Nitric acid capable of furnishing theoretically 8000 tons of am-
monium nitrate as indicated below:

NH3 + HNO3 = NHiNO3
Molecular weights 17 63 80
In short tons 1700 6300 8000
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Allowing 25 lbs. of sulphate of ammonia or 6' lb. of ammonia
per ton of coal, a total consumption of 1900 tons of coal per day
should give.

1900 X 365 X 6.5
20,000 -2250 tons per annum

It will thus be seen that there is plenty of ammonia to combine
with the acid made by the surplus gas, even if a higher yield of
acid is allowed per kw-yr. and more power is generated.

I purposely leave out of discussion, questions as to types of
nitrogen fixation furnaces and of yields obtained. I may say,
however, that it Is not right to assume that yields are limited
to those usually obtained from certain well known furnaces
which must of necessity work with single-phase current.
The amount of ammonium nitrate will be less than the

theoretical figure because the efficiency of the reaction is not
100 per cent, also it is usual to convert a certain amount of the
gas into sodium nitrate-nitrite. A safe figure would be 6000
tons and at this rate it can be shown that with electric energy
at 5 mils per kw-hr. and ammonia at 12 cents a pound, the am-
monium nitrate can be made at less than half the price the
Government is now paying.
In order to show how large a business the nitrogen industry

has become, the following figures (compiled by Dr. Paul J. Fox)
give the nitrogen balance sheet for the United States for 1917.

IMPORTED SUPPLIES
Tons Tons

of 2,000 lb. of Nitrogen
Chile saltpetre 95 per cent NaNO3. 1,742,540 272,880
Ordinary saltpetre, potassium, nitrate 4,609 645
Ordinary saltpetre and gunpowder

containing 75 per cent KNO3. 1,500 210
Ammonium sulphate ............ 8,135 1,725
Ammonium chloride ............ 1,073 280

DOMESTIC SUPPLIES
Coke oven ammonia-NH3. 113,760 93,625
Gas works ammonia-NH3 . 12,500 10,288
Calcium cyanamid at 20 per cent

nitrogen .12,800 10,534
NITROGEN EXPORTED

Tons Tons
of 2,000 lbs. of Nitrogen

Nitric acid, 15 per cent nitrogen. . 486 73
Picric acid, 18 per cent nitrogen... 26,610 4,790
Dynamite, 12 per cent nitrogen 8,962 1,255
Gunpowder and smokeless powder,

13 per cent nitrogen .. 223,270 29,025
Ordinary saltpetre.. 875 123
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In addition to the above, there are also about 8800 tons rep-
resented nitrogen in the following items which are the figures
for 1917.

Value
Loaded cartridges. $42,000,000
Fuses ................................... 34,000,000
Shells and projectiles....... 74,000,000

All other.202,000,000

Total 253,000,000

It will be noticed that ammonium nitrate is not included in
these figures, btut I assume it would be about 50,000 tons for
1917.

In Great Britain the consumption of ammoniun nitrate is
now probably 400,000 tons a year, and the production here will
have to be at least as much. To make this, the theoretical
proportion of ammonia required is about 85,000 tons and of
nitric acid about 315,000 tons.

It will thus be seen that the coke oven plants in the country
could supply all the ammonium nitrate required if they were
equipped for the purpose. I do not suggest that existing ovens
should be so used, because much of the gas is already allocated
for various purposes but for new installations of coke ovens it
would be worth while to consider the use of the surplus gas and
of the ammonia in the way suggested.
The idea of using coke oven gas for generating electric power

for general supply is gaining ground and there are a good many
such installations in the North of England where electric energy
has been sold at lower rates than appears to be general in the
United States. When a company owns the power house as well
as the coke ovens it can of course sell the surplus gas to itself at
a very low rate or even at zero. A battery of coke ovens is a
good paying proposition independent of any money received for
surplus gas.
The company operating at Fairmont, West Virginia is com-

pleting a new power house at the mouth of a coal mine which
will have two 10,000-kw. units, and the company has 12,000 kw.
in gas engine units which will be worked with gas from coke
ovens, so that by 1919 there will be 15,000 kw. to spare.

Until recently most coke oven ammonia was converted into
sulphate, but owing to the war demand for nitrate, more and
more of it is being made into aqua-ammonia of about 29 per cent
strength. In some cases this is being transported many
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hundreds of miles prior to conversion into ammonium nitrate
and since each ton of ammonia necessitates the transportation
of about 21 tons of water, the bearing of this, on the present
railway congestion is at once apparent. Tank cars have to be
used and they must return empty, so the freight on the actual
ammonia carried is extremely high.

There are many coke ovens of the wasteful bee-hive type in
operation, which do not recover by-products and the replace-
ment of these by modern coke-ovens would be a great immediate
economic gain and meet present war conditions. Coke ovens can
be built quicker than large dams for water power and they have
the great advantage of giving many products besides coke which
are useful for war purposes.

In the present emergency coke ovens are of great value be-
cause they give coke for mnaking steel, gas for power purposes,
ammonia for nitrate manufacture, and toluol and benzol for
explosives.

After the war ammonium nitrate will be in demand for
fertilizer as well as for safety explosives and other purposes
The high percentage of nitrogen which it contains viz., 35 per
cent and the ease with which it can be converted into other
compounds makes it especially useful for conveying nitrogen in
the fixed form over considerable distances.

It is more profitable to make nitrate than sulphate, because,
pound for pound, the nitrate contains nearly twice as much
fixed nitrogen and the nitrogen commands a higher price per
unit when in the form of ammonium nitrate.
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DISCUSSION ON "ELECTRIC POWER FOR NITROGEN FIXATION"
(SCOTT), ATLANTIC CITY, N. J., JULY 27, 1918.

C. P. Steinmetz: I decidedly agree with Mr. Scott in the
conviction that the final solution of the nitrate problem is to be
found in the arc flame process or direct process. I have read
numerous reports during the last fifteen years aiming to prove
the contrary, but I have not been convinced, and I have always
had the feeling that the chemical engineers who made these
reports, while endeavoring to be thoroughly impartial, were so
much more familiar with chemical methods and relatively less
familiar with electrical phenomena, so that the conclusions
derived by them have been influenced unintentionally by their
familiarity with the one class of work and unfamiliarity with
the other class of work.

I agree that the direct process requires more electric power
than the cyanamid process, for instance, but at the same time
there are other processes, like the ammonia process, which
require no electric power, and the reason why the cyanamid
process requires much less power is that of the various operations
only a very small part, the first quarter, is carried out electrically.
We may put the statement the other way and say that in the
direct process nothing but electric power is required, and all the
work is done by electric power, while in the other, the indirect
processes, electric power plays only a secondary part, or no part
at all.
The present situation, as we all realize, is peculiar, that we

have to face an emergency. It is not a question whether the
one process is better or more economical than the other one,
but the question is, first, which process can be brought into
operation on a larger scale in the quickest manner. I am not
sufficiently familiar with all the data which are available, to
judge about this, but I am willing to accept the judgment of
those who have gone over the field and decided that the cyana-
mid process offers the best possibility of getting in operation on
a large scale in the quickest possible time, but that in addition
thereto extensive experimentation and development should be
carried out which may lead to more efficient, and therefore final,
methods, but I believe a very great mistake is being made by
our nation by not considering in this proposed development, or
practically not considering, the arc process.
We must realize that without a powerful nitrate industry we

are defenselessly at the mercy of any power which controls the
ocean, and that we must have a strong nitrate industry indigen-
ous to this country, not merely for the time of this war, but
forever after, and such a nitrate industry can subsist on a large
enough scale to be useful in emergencies only if an extensive use
is found in peace times, and that use must be in the ferLilizer
industry.
That means an extremely cheap method of production, and

that means as far as power is concerned, it must be capable of



976 NITROGEN FIXATION [June 27

operation with the cheapest power, that is, secondary power or
off-peak power.
Of all the methods of nitrification the only one which is

capable of efficient intermittent operation is the arc process, or
direct process. The arc is equally as efficient in the second or
milli-second after it is started as it is after continuous operation
for days. That is not the case, however, with the cyanamid
process, where even a very short time interruption means freez-
ing of the carbide furnace and serious loss and interruption.

I saw some time ago a confidential report by a prominent
engineer sent by one of our largest utility corporations to Norway
to study the Norwegian process, to see whether it could be
utilized in the use of off-peak power, and the report in its con-
clusion said that the Norwegian process,-as I may call the arc
process as it was some years ago operated in the Norwegian
plants,-if it is operated, not continuously, but half the time,
then even if the power cost absolutely nothing, it would not be
economical, because the interest on the investment would be
greater than the value of the nitrate was at that time. Possibly
it is different now, but I have no reason to doubt that the con-
clusions were correct. I do not know whether the process has
been improved at the present time, but that, together with
several other features, is a part of the general situation in regard
to the Norwegian method.
We hear and have definite information that the Norwegian

arc process nitrate plants are commercially successful and
profitable, but we also hear that the conditions there are peculiar,
such as cannot be found in our country, and the peculiarity is
claimed to be the very low cost of power. That is not strictly
true in all respects, because off-peak power here can be secured
cheaper in many cases than the Norwegian power. The peculiar
condition of the Norwegian plant, as it existed some years ago
when these reports were made, was a limited power with very
cheap capital, so that under those conditions the greatest
economy required a development of the highest possible effi-
ciency regardless of the cost of the investment. It is about the
same condition which we meet in our largest public utility
corporations, like Chicago and Detroit, which, as our President
has pointed out, have reached the highest efficiency in electric
production, exceeding 20 per cent from the chemical energy of
coal to the busbar. An attempt to use apparatus of this high
efficiency in an isolated station, supplying a hotel, or in a central
station feeding a small city, would be hopelessly uneconomical,
for.the reason that, because of the size and the load factor the
cost of the capital in such a small plant is much higher. We
have to balance the efficiency which we can secure against the
interest on the investment required to secure the efficiency.
This in my opinion, is the characteristic feature of the Nor-
wegian plant, which makes it impossible to transfer it without
any change to American conditions, especially to conditions of



1918] DISCUSSION AT ATLANTIC CITY 977

off-peak power, where not only the higher costs of capital under
American conditions-especially under the present conditions-
but furthermore, the still higher cost of capital due to its inter-
mittent use, makes a plant aiming at the highest efficiency, at
the collection of the last traces of the nitrate, makes such a plant
uneconomical. This is the feature which, in my opinion, has very
largelybeen killing the arc process in this country, because no com-
petent electrical engineer realizing this situation was fathering it,
but it has rather been done by the attempt to transplant the
Norwegian method here under circumstances to which it is not
adopted. It means redesign and redevelopment of this method,
to a very much lower cost of investment, even at the sacrifice of
some efficiency. We can better afford to waste 25 per cent of
the nitrate if thereby we can get the cost of investment down to
a small fraction of what the Norwegian plant costs, and thereby
make it economical for off-peak power.
That is the principal point I want to bring to your attention,

and furthermore, there is another matter which I can only give
from hearsay, that is, that the financial control of the Norwegian
nitrate plants were secured some time ago by German industries,
and then afterwards were sold, and since that time we have been
given to understand, intentionally or unintentionally, that the
new German processes are superior, and that there is nothing in
the arc process, because they have given up their control of them.
Whether that is really so, or whether they realize that the

conditions in Germany are different from ours with regard to the
economy of the arc process the almost complete absence of
larger water powers, the great abundance of skilled chemists
and skilled chemical labor bringing about conditions which are
very much more in favor of chemical processes and against the
arc processes. I leave it to you to think over which may have
been the reason.
But there is one feature which has seriously mitigated against

the arc process, and that is the following: Some time ago a
very careful investigation was made by the famous German
chemist Nernst, on the temperature equilibrium of oxygen,
nitrogen and nitric oxide, and he showed that at the temperature
of the carbon arc the equilibrium corresponds to about 4 per cent
nitric oxide. That would mean an efficiency of conversion of
13 per cent, if all this 4 per cent could be saved, but we know
at these temperatures dissociation is so rapid, that we can
expect to save only a part of the nitric oxide from destruction, in
dropping the temperature as rapidly as possible. That means the
possible efficiency must be much lower than 13 per cent.

It is true that the temperature equilibrium at the carbon arc
temperature corresponds to 4 per cent of nitric oxide, and very
much lower percentages at lower temperature. It has been
proven however that the nitrification in the arc is not a tempera-
ture effect, but is an electrical effect, and the proof of that you
can find in the TRANSACTIONS of the A. I. E. E. in the discussion
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of a paper by my assistant Mr. J. L. R. Hayden, who made an
extensive investigation some years back on nitrification, and
has given the results in his discussion. This, however, seems to
have been forgotten, since at that time the problem was of lesser
importance than now. He showed that in low temperature low-
voltage arc, nitric oxide can be produced far in excess of the con-
centration corresponding to the temperature equilibrium at
the temperature of the arc, and therefore the effect cannot be a
mere temperature effect. He furthermore showed that the rela-
tive efficiency of different temperature arcs does not correspond
to the temperature. The carbon arc, which is the hottest, is very
far from being the most efficient nitrifying arc. The iron arc
and the copper arc each have about the same temperature, but
not the same nitrifying efficiency, but rather they are on the
two extremes of the series investigated. The copper arc is the
least efficient, and the iron arc is the most efficient, showing
thereby that the effect of the arc in producing the combination of
nitrogen and oxygen is not a temperature effect, but a direct
electrical effect.
The reason why I have confidence in the arc process is not

only due to the absence of the need of any other raw material
but air, which makes it specially suitable for use anywhere where
power is available-as pointed out by Mr. Scott, at the coke
oven for instance-it is not only the possibility of the use of
intermittent power, which holds out the hope of developing a
powerful nitrate industry in peace times, but it is also the vast
possibility of increasing the efficiency of nitric acid production
by the arc process, over that reached in the Norwegian plants.
Under favorable conditions, I understand, the present efficiency
is from 60 to 80 grams per kilowatt-hour. The theoretical
efficiency of nitric oxide production is 2500 grams of NO,H per
kilowatt-hour, so that the present best results are an efficiency
of 3 per cent.
You can realize, therefore, the vast possibilities there are in

increasing the efficiency, and if at an efficiency of only 3 per cent
the process has become commercial under favorable conditions,
we can see that there are possibilities in this method which will
bear considerable efforts being made in studying the develop-
ment further, and carrying on the development, which I am
sorry to say has practically been neglected since the early
pioneer days of Charles Bradley, the electrical engineer, who
started a plant at Niagara Falls, but failed, due to the cost of
investment in his particular method being out of proportion to
the returns.

I want to conclude by repeating that my study of the prob-
lem-and I have been closely interested in it, not only theoreti-
cally, but I have done considerable experimental work during
the past twenty years or more,-has led me to the conclusion
that while the cyanamid process may have immediate use by
being the quickest available, that the process which I consider
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as the most promising, in the final solution of the problem, is the
direct or arc process.
Wm. A. Del Mar (communicated after adjournment): The

arc process for the fixation of nitrogen is, in my opinion, the only
use to which the off-peak capacity of large power stations can
be put, as it is the only electrotechnical process that can thrive
under the three characteristic conditions attending the use of
such power, namely, absorption of large amounts of power, use
of alternating current at the generated voltage and intermittent
supply.
The cost of transforming apparatus bars all direct-current

electrochemical processes such as electrolytic metal refining,
alkali productions, etc. and many thermal processes. Other
thermal processes are debarred because they cannot be operated
intermittently. Any processes which are exceptional in these
respects are too unimportant to absorb the power available from
large stations.
Hence if off-peak capacity is ever to be utilized on a large

scale, the only promising field for research is the arc-process for
nitrogen fixation.

S. Barfoed (communicated after adjournment): As nitric
acid is the end product desired it is evident that with the increas-
ing demand upon the nation's man power naturally that system
which can produce nitric acid with a minimum of labor is the
most logical one to use, other things considered equal. The raw
materials needed for the direct method being air and water lend
themselves to transport in pipes requiring no attention. Also,
the final product, nitric acid, is to be handled in the same
manner by means of the new acid proof ferro-alloys. Conse-
quently labor is not needed in this particular part of the cycle
of operations.

In the operation of any arc furnaces used by the direct method
a row of furnaces may be attended by but two men required for
recording and renewing electrodes at intervals.

During the last two and one-half years the writer has been
engaged upon the development and operation of a 1000-ky-a.
arc furnace using metallic oxide electrodes. The results obtained
in this furnace and the simplicity of its operation, also the ease
with which it may be kept in repair justifies me in saying that the
direct method for making nitric acid as compared with the
indirect method has the very advantages which Mr. Scott men-
tions.
The simple way of getting the end product, nitric acid, with

the direct method as the first and only operation must surely be
evident to the layman even if he should be a lawyer-politician.

In discussing the proper system to use in nitrogen fixation it
must be kept in mind that all the various processes have their
proper place of usefulness, all depending upon the raw materials
available and the end product it is desired to produce and have
the market absorb. The choice of the system is practically
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decided only by the geographical location of the plant. In
places where coal has been obtainable at reasonable prices and
where men are rather plentiful but where water power is com-
paratively expensive, the end product may to advantage be
cyanamid. In the greater part of the West coal is not obtainable
at prices that would make the indirect method of making acid
or even the cyanamid process possible under any circumstances.
The scheme outlined for combining a battery of coke ovens

with ammonia recovery plant with an arc furnace plant as out-
lined by Mr. Scott is entirely feasible and is one to which the
writer has given considerable thought, but the conditions for its
use during peace times must be favorable. Even in certain
sections of the West in spite of the existing water powers such a
scheme can be worked out successfully for producing ammonium
nitrate. Where districts are equally well off as to coal and water
the several methods of producing fixed nitrogen can very well
exist side by side and not exclude one another, keeping in mind
the suitability of each process with a view as to raw material
and the end product.

I endorse the formula "Do it Electrically" when nitric acid is
to be produced.

I do not believe that at the present time there are many power
stations where surplus power may be had. Also, I believe
that the load factor of the majority of stations is so high that
the time during which off-peak power is available would be too
short for making the operation of arc furnaces satisfactory. In
the West there is rather a scarcity of power and new develop-
ments by existing companies are not likely to be made in time
to be of any use during the war, and that is largely because the
power it is thought to develop cheaply is to be of great magni-
tude. There are however, throughout the West numerous
small water power sites of 10,000 h. p. or thereabouts which can
very cheaply be developed and completed in a short time and
which would be entirely suitable for a nitric acid factory. State-
ments are often made that such water powers cannot be de-
veloped under a certain figure. Such statements of course do
not mean anything unless they are qualified as to just what
is meant to be included in a development. As generally
spoken of I believe what is meant is that the development should
include step-up transformers, high-tension switch gear, transmis-
sion lines, lowering transformers, substation equipment and distri-
buting lines, etc. For such systems the figures as often given
may be correct, but it would be a mistake to draw any conclu-
sions from them when it comes to making a hydroelectric
development for use with arc furnaces producing nitric acid.

It is often found that the nitric acid factory can be located
in close proximity to the power station and it will be at once
evident the great saving that can be made by so doing in the
cost of 'the plant. The development would include the hy-
draulic works and the generating equipment which generates
power directly at the voltage required by the furnaces.
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Looking at the matter in this light I have made several in-
vestigations where water power of around 10,000 h. p. can be
developed for a figure around $60.00 per h. p. and lower.
Where this can be done the power cost will be a minor item
compared to the fixed charges on the acid factory.

F. W. Sperr, Jr. (communicated after adjournment): A very
important phase of the plan which Mr. Kilburn Scott has de-
veloped is that it succeeds in reconciling the interests of two
great industries-the nitrogen fixation industry and the by-
product coke industry. It cannot be denied that, owing largely
to the emphasis that has been placed upon fixation by the cyana-
mid process, there have hitherto been many elements of mutual
antagonism in these two industries.
The by-product coke oven must be considered as an essential

factor in our national security and military success. It is the
greatest and most dependable source of tri-nitro toluol, the
most important high explosive, and must be relied upon for our
supply of benzol, creosote, naphthalene, anthracene and a host
of other products of military value.
Many people still have the old-fashioned idea that beehive

coke works better in a blast furnace than by-product coke. As
a matter of fact records from a large number of blast furnaces
show a saving of over 200 pounds of coke per ton of pig iron due
to the substitution of by-product coke for the beehive product.
The significance of this in connection with our fuel shortage and
the importance of the steel industry is easy to recognize.

In the establishment of by-product coke ovens, we are still
sadly behind both economic and military requirements and
every agency should be interested in encouraging the construc-
tion of new plants as rapidly as possible.

It is to be regretted that the fear of loss through destructive
competition with subsidized ammonia produced by the cyana-
mid process has operated in certain cases as a discouraging factor.
In normal times, ammonia is the principal source of revenue,
besides coke, to the by-product coke plant. Ammonia produced
by the cyanamid process cannot compete with by-product coke
oven ammonia except with the aid of a subsidy. Large quanti-
ties of subsidized ammonia or a cheap competing fertilizer like
cyanamid, thrown upon the agricultural market might well
induce hesitation in the building of by-product coke ovens.
On the other hand, Mr. Scott's proposition to combine the

manufacture of nitric acid from the atmosphere with the opera-
tion of a by-product coke plant, utilizing the surplus gas from
the latter to furnish the requisite power, and the ammonia to
combine with the nitric acid forming ammonium nitrate, appears
to be as economically sound in time of peace as it is desirable in
time of war. From the standpoint of the by-product coke oven
owner, it looks entirely feasible and encouraging. Under
normal conditions, the nitric acid might be sold separately, or
it might still be used together with the ammonia as ammonium
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nitrate. In this way the expense of purchasing sulphuric acid
to make ammonium sulphate would be avoided and a concen-
trated fertilizer more valuable than ammonium sulphate would
be produced. It is to be hoped that arrangements can be made
to build a plant for a large scale trial of this very promising
proposition.

E. K. Scott: Members who have to deal with electric power-
house problems, are naturally interested in improvement of
load factor. I know of no load which is more suitable for
filling up valleys of a load curve than the arc method of fixing
atmospheric nitrogen, for the furnaces can be started and
stopped at any time without detriment, as there is no fixed
material to freeze when current is off.
A good situation for an air nitrate factorv would be on the

same plot of land as the power house and the two might well
be under the same directorate.

It has often been said that the manufacture of air nitrates
is dependent on a very cheap source of power and the im-
plication is made that it must be water power and on a very
large scale. I wish to combat this for I consider it feasible to
successfully operate moderate sized plants with off peak power
from existing power houses.

It is a mistake to unduly emphasize the question of power
for there are other equally important factors, e. g. transporta-
tion of raw materials and finished products. Nitric acid is
required in very large quantities for explosives, for dyes, for
celluloid and other industries and being difficult to carry, it
is best made near to the place where it is to be used.
The nitric acid made in Norway, cannot be exported owing

to difficulty of carriage and even when made into nitrate of
lime and nitrate of ammonia the cost of carriage to a market
abroad is considerable. Take ammonia for example which for
many years has been made in Norway with ammonia shipped
from England. It has been estimated that the charges for
carriage, insurance, transhipment, etc., of the aqua ammonia
to Norway and of the finished nitrate of ammonia to England
came to more per ton of product than the cost of the electric
energy with which the ton was made.

Other things being equal it is often better to be near to a steady
market and pay a fair price for power than to go to a considerable
distance and get cheaper power. Steam power houses have
often an advantage over hydroelectric plants because the latter
are usually in inconvenient places.

I fully appreciate the development of hydroelectric power,
but think that the building of a coke oven plant with electric
power house and nitrate factory is more to the National advant-
age than if the same money were spent on hydraulic works, etc.
The coke oven proposition has certainly wider usefulness.

It may be of some interest to mention that electric energy
has been supplied for many years to cert4in 7electrochemical
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factories on the North East Coast in England at prices which
compare favorably with Niagara. A considerable amount of
power developed in that area is from coke ovens and blast
furnace gas and by linking the power houses together it has
been found possible to bank some boilers in the large coal fed
power houses in Newcastle over the week end and obtain supply
from the coke oven and waste heat power houses of Durham
and North Yorkshire which of course must be kept going at
all hours.

Dr. Steinmetz referred to the investment on an air nitrate
plant. A large pairt of this goes in the absorption towers and
the building required to house same. Although chemists have
always been accustomed to absorb gases in such towers I think
a smaller and less costly method can be developed on engi-
neering lines.

I purposely did not enter into questions regarding reactions,
etc., that go on in nitrogen fixation furnaces, but I agree with
Dr. Steinmetz that the action is not a purely thermal one. The
fact that nitric acid may be formed on the windings of extra
high-tension machines is an indication.

Suggestions of limitations in electrical methods are usually
traceable to those who are interested in old fashioned chemical
methods, as for example, that of getting nitric acid from Chili
nitrate, but an audience of electrical engineers will appreci-
ate that when electricity once gets a foothold in any industry
it holds on.
Some of us remember the days when electric lighting was

struggling against firmly entrenched gas interests. The electric
street car was a long time before it finally ousted the horse car,
especially in England, whilst the introduction of electric power
in mines is still opposed by advocates of compressed air and
so on.

Electric engineering is now developing rapidly in the largest
fields of all, namely, electrochemistry and electrometallurgy.
Very large amounts of energy are being called for which means
greater power development and wider opportunities for electri-
cal engineers and manufacturers of electrical equipment. -Mem-
bers will no doubt hear from time to time of other methods of
making nitrates which do not require electric energy or re-
quire less than the arc process. They need have no fear that
electrical methods will not outlast all others and I personally
believe the arc process is best of all.
The name of Charles S. Bradley has been mentioned.

He was a pioneer in this line of work before the Norwegians
or Germans, and I think the fact is worthy of commemoration.


